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Magnified TEM images of MIL-100(Fe) and MIL-G1-G3 S17 S14 FT-IR spectra of MIL-100(Fe) and MIL-G1-G3 S19 S15 Absorption band classification from FT-IR spectra S20 S16 XPS analysis of MIL-100(Fe) and MIL-G2 S22 S17 TGA profiles of MIL-100(Fe) and MIL-G1-G3 and post-TGA residue S23 S18 Water sorption isotherms of MIL-100(Fe), Ex-GNPs and MIL-G1-G3 S25 Section S1 Raw materials 1,3,5-Benzenetricarboxylic acid (H 3 -BTC, ≥98% purity), ferric nitrate nonahydrate (Fe(NO 3 ) 3 ·9H 2 O, ≥99% purity), ammonium fluoride (NH 4 F, 99.99% purity), and nitric acid (HNO 3 , 70% v/v) were purchased from Sigma Aldrich Chemical Co. Graphene nanoplatelets (GNPs) were obtained from XG Sciences Inc. Both ethanol (99.999%) and deionized water were of highest purity available and used without further purification. All chemicals were used without further purification.
Section S2 Characterization methods
Elemental analysis (EA) was performed using high temperature combustion with a Perkin Elmer CHNS/O Series II 2400 Elemental Analyser. Powder X-ray diffraction (PXRD) analyses were performed using a Rigaku UltimaIV Multipurpose diffractometer equipped with Ni-filtered Cu K radiation.
Samples were packed densely in a 0.5 mm deep well on a zero-background holder. Programmable divergence slits were used to illuminate a constant length of the samples (8 mm), thus preserving the constant volume assumption. The operating power of the diffractometer was set at 45 kV and 40 mA, and the diffraction data were collected between 2 = 3-50 with a total scan time of 3 h. PXRD patterns for the residues recovered after thermogravimetric analysis, as well as the MOF samples subjected to cyclic water ad-/desorption tests, were obtained on a Bruker D8 Advance Multipurpose diffractometer equipped with a Ni-filtered Cu K radiation. The operating power of the diffractometer was set at 35 kV and 25 mA, and the diffraction data were collected between 2 = 10-60 with a step-size of 0.02046 and 0.25 s per step.
Low-pressure nitrogen physiosorption measurements were conducted using a Quantachrome Autosorb iQ volumetric gas sorption analyser. Ultrapure N 2 and He (99.999%) were used for all adsorption measurements. A liquid N 2 bath (77 K) was used in all N 2 isotherm measurements. The specific surface areas were evaluated using the Brunauer-Emmett-Teller (BET) method in the P/P 0 range of 0.06-0.2. The total pore volume was taken by a single-point method at P/P 0 = 0.9. Fourier transform infrared (FTIR) S4 spectra were recorded with KBr pellets on a Thermo Fisher Scientific Nicolet 6700 FTIR spectrometer.
Output absorption bands are described as: s, strong; m, medium; w, weak; and br, broad.
Scanning electron microscopy (SEM) and energy dispersive spectroscopy (EDS) were performed on a X-ray photoelectron spectroscopy (XPS) measurements were conducted on a Thermo Scientific ESCALAB 250Xi X-ray photoelectron spectrometer.
Water adsorption isotherms and cycling ad-/desorption measurements were recorded on a Dynamic Vapor Sorption Analyzer (DVS Vacuum, Surface Measurement Systems Ltd., London, U.K.). The samples were degassed under vacuum at 120 C for 15 h prior to commencing the appropriate experiments. For the cycling tests, samples were subjected to 21 successive ad-/desorption cycles between 40 C and 140 C at 5 h per cycle and a constant water vapour pressure of 5.6 kPa. The heating profile used for the test is as follows: heating from 40 C to 140 C at 5 C min -1 , followed by an isothermal step for 90 min allowing complete desorption, and finally cooling back to 40 C at 5 C min -1 to begin water adsorption.
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Section S3 Synthesis methods
Acid-treatment of GNPs
The acid-treatment of GNPs was carried out according to the already published literature [S1] . Typically, GNPs (3 g) were first dispersed in 70% HNO 3 (300 mL) using sonication. The mixture was then transferred to a 500 mL round bottom flask equipped with a condenser and was refluxed at 60 C for 2 h.
After cooling to room temperature, the mixture was diluted with 500 mL deionized water and then washed repeatedly with deionized water via centrifugation until the pH of the decanted solvent reached ~5.5. The resulting exfoliated graphene nanoplatelets (Ex-GNPs) suspension was dried at 80 C in air for 2 d and ground for further use.
Synthesis of MIL-100(Fe)
The synthesis and activation of MIL-100(Fe) was carried out according to a previously reported procedure [S2] . Briefly, Fe(NO 3 ) 3 ·9H 2 O (4.04 g, 0.01 mol) was first dissolved in de-ionized water (50.2 mL, 2.8 mol) and the mixture was completely transferred to a 125 ml Teflon-liner containing BTC (1.4097 g, 0.00671 mol). The Teflon-liner was then sealed inside a stainless steel autoclave and kept at 160 C for 14 h. After slow cooling of the autoclave to room temperature, the as-synthesized dark orange solid was recovered using centrifugation. For activation in order to remove the unreacted BTC, the dried solid (1 g) was first immersed in deionized water (60 mL) and the resulting suspension was stirred at 70
C for 5 h. The suspension was again centrifuged and the procedure was repeated using ethanol (60 mL)
at 65 C for 3 h. This two-step purification was continued until the decanted solvent following centrifugation became completely colourless, after which the dried solid was immersed in a 38 mM aqueous NH 4 F solution and stirred at 70 C for 5 h. The suspension was again centrifuged, after which the solid was washed 5 times with deionized water at 60 C, and finally dried in air at 75 C for 2 d followed by 95 C for 2 d.
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Synthesis of Ex-GNP/MIL-100(Fe) composites
Ferric nitrate nonahydrate (Fe(NO 3 ) 3 ·9H 2 O, 4.04 g, 0.01 mol) and a pre-determined amount of Ex-GNPs (70, 180 and 300 mg for MIL-G1, MIL-G2 and MIL-G3 respectively) were mixed thoroughly in solidstate until a uniform colour of the mixture was achieved. Next, deionized water (5 mL) was added periodically to the mixture and the resulting paste was sonicated until the water inside the mixture evaporated completely. The dry paste, along with BTC (1.4097 g, 0.00671 mol) and deionized water (50.2 mL, 2.8 mol), were then transferred completely to a 125 ml Teflon-lined autoclave, which was kept at 160 o C for 14 h. The recovery of the as-synthesized solid and the post-synthesis activation procedure are exactly the same as followed for pristine MIL-100(Fe).
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Section S4 Synthesis scheme for Ex-GNP/MIL-100(Fe) composites 
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Section S5 Chemical formulation of MIL-100(Fe) and Ex-GNP/MIL-100(Fe) composites using EA data Wt% Ex-GNPs = wt% C (MIL-G1) -wt% C (MIL-100(Fe)) = 1.88 wt%.
MIL-G2 (Activated):
Calculated ( Wt% Ex-GNPs = wt% C (MIL-G2) -wt% C (MIL-100(Fe)) = 5.56 wt%.
MIL-G3 (Activated):
Calculated ( Wt% Ex-GNPs = wt% C (MIL-G3) -wt% C (MIL-100(Fe)) = 15.10 wt%.
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Section S6 Determination of Ex-GNP content in Ex-GNP/MIL-100(Fe) composites using TGA data
The content of Ex-GNPs in the Ex-GNP /MIL-100(Fe) composites can be calculated using the TGA data using Eq. (S1): 
 
The corresponding percentages of Ex-GNPs in the composites are calculated to be 6.54, 12.93 and 16.16, respectively (Table S1 ). The synthesized Ex-GNP/MIL-100(Fe) composites are referred to as MIL-Gn with n from 1 to 3 corresponding to the amount of added Ex-GNPs (70 mg, 180 mg and 300 mg respectively). 
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Section S8 FT-IR spectra of pristine and acid-treated (functionalized) Graphene Nanoplatelets (Ex-GNPs) Fig. S3 FT-IR spectra of pristine and acid-treated GNPs (Ex-GNPs).
Section S9 PXRD pattern of pristine and acid-treated (functionalized) Graphene Nanoplatelets (Ex-GNPs) Fig. S4 PXRD patterns of pristine and acid-treated GNPs (Ex-GNPs).
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Section S10 N 2 adsorption-desorption isotherms at 77 K of MIL-100(Fe) and Ex-GNP/MIL-100(Fe) composites 
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Section S11 SEM micrographs of pristine and acid-treated GNPs (Ex-GNPs). 
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Section S13 TEM images of MIL-100(Fe) and Ex-GNP/MIL-100(Fe) composites 
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Section S14 FT-IR spectra of MIL-100(Fe) and Ex-GNP/MIL-100(Fe) composites 
S22
Section S16 XPS analysis of MIL-100(Fe) and Ex-GNP/MIL-100(Fe) composites
Fig. S18 XPS profiles of (a) MIL-100(Fe) and (b) MIL-G2. Table S3 . Peak position and intensity data for XPS spectra of MIL-100(Fe) and MIL-G2. Section S17 TGA profiles of MIL-100(Fe) and Ex-GNP/MIL-100(Fe) composites and PXRD profiles of post-TGA residues 
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MIL-100(Fe) MIL-G2
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Section S19 Calculation of hysteresis in water sorption isotherms measured at 298 K * Relative pressure P/P 0 at which adsorbed amount at 298 K is half of the adsorbed amount at P/P 0 = 0.9
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Section S20 SEM and PXRD analyses of samples after cyclic adsorptiondesorption test 
Figure Explanation:
A comparison of the SEM micrographs of MIL-100(Fe) and Ex-GNP/MIL-100(Fe) composites before and after the cyclic adsorption/desorption test are not exactly similar but at least reveal that the octahedral morphology of the crystals is preserved after the test. However, a continuous cyclic water adsorption/desorption process has resulted in partial disintegration of the intrinsic lattice structure of the MIL-100(Fe) framework which makes the crystallites appear relatively S2 smaller in size as compared to the crystals before the test as exhibited in Figure S26 . More importantly, the crystallinity of the structure is maintained after the cyclic test without any noticeable shifts in characteristic peak positions or individual peak intensities as shown by the comparison of the PXRD profiles of each of the four types of materials displayed in Figure S27 .
